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Description 

FIELD OF THE INVENTION 

5 The present invention relates to a metal oxide powder which is used as a raw material powder of an oxide ceramic 
that is used as a functional material or a structural material, a metal oxide powder which is used in a dispersed state as 
a filler or a pigment or a metal oxide powder which is used as a raw material powder fa the production of a single crys- 
tal or for flame spray coating, and a method for the production thereof. 

10 PRIOR ART 

In general, an oxide ceramic which is used as a functional material or a structural material is produced through a 
molding step and a calcination step from a metal oxide powder as a raw material. Properties of the metal oxide powder 
to be used as the raw material have a large influence on the production steps, and functions and physical properties of 
is the ceramic product. Then, it is highly desired to provide a metal oxide powder having powder properties which are pre- 
cisely controlled so that they are suitable for an intended application. 

When a metal oxide powder is used in a dispersed state such as a magnetic fine powder, a filler or a pigment since 
properties of each particle are reflected directly on the dispersed state, the control of the properties of the powder is 
more important. 

20 The required properties of the metal oxide powder vary with a kind and application form of the metal oxide. Com- 
monly required properties are a uniform particle size of the metal oxide powder, that is, a narrow particle size distribu- 
tion, and a weak bond among primary particles, that is, less agglomeration and good cfispersibflrty. 

For example, a titanium oxide powder is widely used asa raw material of a white pigment a raw material of a filler 
to be added to a resin, a raw material of a material having a high refractive index, a raw material of a UV light absorber, 
25 a raw material of a single crystal, a raw material of a photocatalytic active semiconductor, a raw material of a catalyst 
support, a raw material of an abrasive, a raw material of a dielectric material, and so on. 

A zirconium oxide powder is useful as a material to be used in a high temperature material or a mechanical struc- 
tural material, an ion conductive material, a piezoelectric material and so on, and is used as a raw material of a calcined 
body and a raw material for melt spray coating. 
30 A magnesium oxide powder is a useful as a raw material of a refractory ceramic, a raw material of a functional 
ceramic such as an electronics material or an optical material, and the like. 

A cerium oxide powder is one of oxides of rare earth elements, and useful as an electrical conductive material, an 
optical material, or an abrasive. 

A tin oxide powder is a valuable material used as an electronics material, a pigment a catalyst or an abrasive. 
35 Hitherto, these metal oxides are produced by a liquid phase method, a gas phase method, a rrydrothermai synthe- 
sis method, a direct oxidation method, an electrical fusion method, and the like. The produced metal oxide powders 
have some problems such as formation of agglomerates. rKXwnrformity in the partid es» a wide particle size cfistrixrtion, 
and so on, and they are not necessarily satisfactory. Further, the above production methods themselves have problems 
such as complicated procedures, problems of apparatuses, costs of raw materials, and so on. Then, It has been desired 
40 to develop a metal oxide powder which contains less agglomerated particles and have a narrow particle size distribu- 
tion, and to develop a method for producing such metal oxide powder generally and advantageously in an industrial pro- 
duction. 

SUMMARY OF THE INVENTION 

45 

An object of the present invention is to provide a metal oxide containing less agglomerated particles and having a 
narrow particle size distrfoution and a uniform particle shape, which is preferably used as a metal oxide powder to be 
used as a raw material powder of an oxide ceramic that is used as afunctional material or a structural material, a metal 
oxide powder to be used in a dispersed state or a metal oxide powder to be used as a raw mate- 

so rial powder for the production of a single crystal or for flame spray coating. 

Another object of the present invention is to provide a production method which can be generally employed in the 
production of such metal oxide powder and is excellent industrially. 

As a result of the extensive study on the metal oxide powders, it has been found that, when a raw material is cal- 
cined in a specific atmosphere gas, the above described metal oxide containing less agglomerated particles and having 
55 a narrow particle size distribution and a uniform particle shape is obtained, and that such method can be employed gen- 
erally in the production of various metal oxide powders and excellent industrially, and the present invention has been 
completed after further investigations. 

That is, according to a first aspect of the present invention, there is provided a metal oxide powder except a-alu- 
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mina, comprising polyhedral particles having at least 6 planes each, a number average particle size of from 0.1 to 300 
urn, and a Dgo/D 10 ratio of 10 or less where D 10 and D90 are particle sizes at 10 % and 90 % accumulation, respectively 
from the smallest particle size side in a cumulative particle size curve of the particles. 

According to a second aspect of the present invention, there is provided a rutile type titanium oxide powder com- 
s prising polyhedral particles each having at least 8 planes. 

According to a third aspect of the present invention, there is provided a method for producing a metal oxide powder 
except a-aJumina, having a narrow particle size distribution, comprising calcining a metal oxide powder or a metal oxide 
precursor powder in the presence or absence of a seed crystal in an atmosphere containing at least one gas selected 
from the group consisting of (1) a hydrogen halide. (2) a component prepared from a molecular halogen and steam and 
10 (3) a molecular halogen. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a scanning electron microscopic photograph (x 850) showing a partide structure of a titanium oxide pow- 
75 der observed in Example 1 , 

Fig. 2 is a scanning electron microscopic photograph (x 1 700) showing a particle structure of a titanium oxide pow- 
der observed in Example 7, 

Fig. 3 is a scanning electron microscopic photograph (x 1700) showing a particle structure of a titanium oxide pow- 
der observed in Example 9, 

20 Fig. 4 is a scanning electron microscopic photograph (x 4300) showing a particle structure of a titanium oxide pow- 
der observed in Example 15, 

Fig . 5 is a scanning electron microscopic photograph (x 1 700) showing a particle structure of a titanium oxide pow- 
der observed in Comparative Example 1 . 

Fig. 6 is a scanning electron microscopic photograph (x 430) showing a particle structure of a zirconium oxide pow- 
25 der observed in Example 20. 

Fig. 7 is a scanning electron microscopic photograph (x 430) showing a particle structure of a zirconium oxide pow- 
der observed in Example 2 1 . 

Fig. 8 is a scanning electron microscopic photograph (x 430) showing a particle structure of a zirconium oxide pow- 
der observed in Example 22, 

30 Fig. 9 is a scanning electron microscopic photograph (x 1720) showing a particle structure of a zirconium oxide 
powder observed in Comparative Example 3, 

Fig. 10 is a scanning electron microscopic photograph (x 430) showing a particle structure of a magnesium oxide 
powder observed in Example 23, 

Fig. 1 1 is a scanning electron microscopic photograph (x 850) showing a particle structure of a magnesium oxide 
35 powder observed in Example 24, 

Fig. 12 is a scanning electron microscopic photograph (x 850) showing a particle structure of a magnesium oxide 
powder observed in Example 25, 

Fig. 13 is a scanning electron microscopic photograph (x 1720) showing a particle structure of a magnesium oxide 
powder observed in Comparative Example 6, 
40 Fig. 1 4 is a scanning electron rnicroscopic photograph (x 1 720) showing a particle structure of an iron oxide powder 
observed in Example 26, 

Fig. 15 is a scanning electron microscopic photograph (x 1720) showing a particle structure of an iron oxide powder 
observed in Comparative Example 8. 

Fig. 16 is a scanning electron microscopic photograph (x 8500) showing a particle structure of a cerium oxide pow- 
45 der observed in Example 27. 

Fig. 1 7 is a scanning electron microscopic photograph (x 4300) showing a particle structure of a cerium oxide pow- 
der observed in Comparative Example 9, 

Fig. 1 8 is a scanning electron microscopic photograph (x 8000) showing a particle structure of a tin oxide powder 
observed in Example 28, 

so Fig. 19 is a scanning electron miaoscopic photograph (x 8000) showing a particle structure of a tin oxide powder 
observed in Comparative Example 10. 

Fig. 20 is a scanning electron microscopic photograph (x 15500) showing a particle structure of an indium oxide 

powder observed in Example 29. 

and 

55 Fig. 21 is a scanning electron mfcroscopic photograph (x 15500) showing a particle structure of a indium oxide 
powder observed in Comparative Example 11. 
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DETAILED DES CRIPTION OF THE INVFNTIOtJ 



The present invention will be explained in detail. 

™*™*i° X *Z ^1 h f 1 " 9 thG " a ' TOW *» <fe«bution is a compound of a single metal element and 
S IT*^ P S2?' PartdeS ^ havi " 9 31 ,east 6 (excluding complex oxides and a^luminTpT 
Tni^flS ^TJ 6 fr °T 3 metel ° Xide ««* 18 ^ *e conventional methods and contains 

IT^ZfJSZ" 9 C ° mP0Und 01 8 mel81 * m "* 3nd °^en will be sometimes refenrf to 

h, JT^r° d 01 ^ ^ e f efT, j nVe,,ti0n fXOduces 9 metal oxide except a-alumina. having a narrow particle size distri- 

tal « anatrnosphere containing at least one gas selected from the group consisting of (1) a hydrogen haiide (2)a 
component prepared from a molecular halogen and steam and (3) a mcZilar halogen ^ W 

inJ^f^^* 16 P ° Wder ^ ** P^ 016 8126 distribution is produced by the method of the present 
invention, a metal oxide precursor powder is exemplified as a raw material 

thfi "frJ^iT^f ° Sdde ^ eC f° r PC * der iS irtended l ° 8 ferial which gives the metal oxide consisting of 
S 8 2?. 8 deCOnlp0si1ion reacfion » «" oxidation reaction in calcination, and includes, for exam- 

ple, metal hydroxxtes. hydrated metal oxides, metal oxyriydroxide, metal oxyhalides, and so on 

When the metal oxide powder having the narrow particle size distribution is produced by the method of the oresent 
invent™, a known metal oxide powder can be usedasarawrr^erialdeperxf^ 

a t*,^n materia ' ° Xide pWW ' er ' 006 ^ an ^erage primary particle size of less than 0.1 ,un is prefer- 

f B ET^- c ^rf Pnma 21 Par i Cle . SiZe 04 *• ma,eria ' metal oxWe P^er, a particle size caSate^from 
a BET specif k; surface area can be used. It is possible to produce the intended metal oxide powder having the narrow 

ZZSZSEE r^^^lf 6 ^ ^^the-"-teria.metalaxide pSr fro^Z^T 
^.r^^T? ^ 9 ^! P 8 ^ 6 aze - W" 8 " *• ^erage primary particle size of the raw material pow- 
der is larger than 0.1 pm. the production of the metal oxide powder containing less agglomerated particles and havJa 
the narrow particle size cfistrtoution may become difficult. ugmmeraiea parades and having 

- ^^^^"^ ^f" sedintne Present invention is intended to mean a crystal which functions as a grow- 
ing ate for toe crystal growth of the intended metal oxide. Around the seed crystal, the metal oxide qrows AnVseed 

TfL^ ^ t^T* " ^ fancSon - FOf ^'e. when the «JXv^£3Z£ 
Se2eT^„ P Tf er,SP, Sf b,y r d - Furth er. when the metal oxide powder having the average od^ry^ 
1 of less than 0.1 urn is used as the raw material, a metal oxide powder having a larger particle size toantoe 

average primary particle size of the raw material is used. 

Hon ^ftfS ^ ^ oxide as the raw material is changed to a more stable crystal phase by calcina- 
tion, Ihe metal oxxte having the more stable crystal phase is preferred as the seed crystal ^ 

mJir?!" 0 S?"^ 0,1 a T annef addin9 ttle ^ to the raw material powder. For example, a mixing 
manner such as ball nulling, ultrasonic dispersing, and the like can be used ^ 

noJ^hfTmr^ ° Xide preCUreor powtter - *• ra " ^to" 31 "«*» Powder, for instance, the metal oxide 

^1 ™Il ^^T^ Partide ^ "t 01 ^ o^'ess, and those raw materials to which toe seed crystal fe 
added are generally named as toe raw material metal oxide powder r 

&o^Z%SJl^ Sm ^ inther8W materia, metal ««« Powder are the metal elements of the 

S^itlS^SJ^ ^5 aS ^ PPef ' etC:themetel etemente of the Group II such as magnesium, zinc, etc.; 
rJcll?^^* 8 ajp l " 88 yttrium> C8rium - 9 a " ium - ^ urani " m . eta; the metel elements* the 
toZm r^^Tir^T,' 9 !rT^- * = *• ™ W elemente o« ^ Group V such as vanadium, niobium. 
sucnTm^^'^ ^? fr ,emS 01 thS ^ Vl suci ' 88 ohfomi^. the metal elements of the Group VII 

pT^^^rTL^fr^ *™ V,M 88 iron - «** «*** etc. (except alumnum? 

in toT^TS * IZT** 818 ma9neS, ' um ' etert^ zirconium, iron, cerium, indium, and tin. 

m-JT.IlTS^. P™*** 00 of the metal oxide powder according to the present invention, the raw material 
metel ojade is not limited, and the powder produced by the conventional method can be used. For exarrpTthem^aJ 
o^powder or metel oxideprecursor powder produced by the liquid phase method, or the mJ^Sp^Z 
duced by the gas phase method or the solid phase method may be used 

1 JTrS^S^.T materia, ^ e1al pOMdet fe ^"ed *" the atmosphere gas containing at least 
Se ^T^^eZ "*** ^ V hydrogen ha We based on toe vfhole vo,- 

inde^Ta^e^ USSE?* ^ ^ - ^ ™ ™> 

As a component of the atmosphere gas other than the hydrogen hafide. toat is. a diluent gas. nitrogen, inert gas 
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such as argon, hydrogen, steam or an air can be used. 

A pressure of the atmosphere gas containing the hydrogen hafide is not limited, and selected from a pressure 
range which is industrially used. 

It is possible to carry out the calcination in the atmosphere gas containing a component prepared from the molec- 
5 ular halogen and steam, in place of the hydrogen halide. 

As the molecular halogen, molecular chlorine, bromine, iodine and fluorine are used independently or as a mixture 
of two or more of them. 

The component gas is prepared from at least 1 vol. %, preferably at least 5 vol. %, more preferably at least 10 vol. 
% of the molecular halogen and at least 0.1 vol. %. preferably at least 1 vol. %. more preferably at least 5 vol. % of the 

10 steam, both based on the whole volume of the atmosphere gas. 

In place of the hydrogen halide, the molecular halogen may be used. The raw material metal oxide powder is cal- 
cined in the atmosphere gas containing at least 1 vol. %. preferably at least 5 vol. %, more preferably at least 10 vol. % 
of the molecular halogen based on the whole volume of the atmosphere gas. As the molecular halogen, at least one of 
molecular chlorine, bromine and iodine can be used. 

75 As a component of the atmosphere gas other than the component prepared from the molecular halogen and 
steam, or the molecular halogen, that is, a diluent gas, nitrogen, inert gas such as argon, hydrogen, steam or an air can 
be used. 

A pressure in the reaction system is not limited, and freely selected from a pressure range which is industrially 
used. 

20 A manner for supplying the atmosphere gas is not critical insofar as the atmosphere gas can be supplied to the 
reaction system in which the raw material metal oxide powder is present 

A source of each component of the atmosphere gas and a manner for supplying each component are not critical 
either. 

For example, as the source of each component of the atmosphere gas, a gas in a bomb can be used. Alternatively, 
25 it is possible to prepare the atmosphere gas comprising the hydrogen hafide or the molecular halogen using the evap- 
oration or decomposition of a halogen compound such as an ammonium hafide, or a halogen-containing polymer such 
as a vinyl chloride polymer. The atmosphere gas may be prepared by calcining a mixture of the raw materia! metal oxide 
and the halogen compound or halogen-containing polymer in a calcination furnace. 

The hydrogen halide and the molecular halogen are preferably supplied from the bomb directly in the calcination 
30 furnace in view of the operabilrty. The atmosphere gas may be supplied in a continuous manner or a batch manner. 

According to the present invention, when the raw material metal oxide powder is calcined in the above atmosphere 
gas, the metal oxide grows at a site where the raw material metal oxide powder is present through the reaction between 
the raw material metal oxide powder and the atmosphere gas, so that the metal oxide powder having the narrow particle 
size distribution, but not agglomerated particles, is generated. Accordingly, the desired metal oxide powder can be 
35 obtained, for example, by simply filling the raw material metal oxide powder in a vessel and calcining it in the atmos- 
phere gas. 

As the raw material metal oxide powder to be used in the present invention, any material which is in a powder form 
may be used, and a bulk density of the powder is preferably at least 40 % or less based on a theoretical density. When 
a molded material having the bulk density exceeding 40 % based on the theoretical density is calcined, a sintering reac- 
40 tion proceeds in the calcination step, whereby grinding is necessitated to obtain the metal oxide powder, and the metal 
oxide powder having the narrow particle size tistrbution may not be obtained in some cases. 

A suitable calcination temperature is not necessarily critical since it depends on the kind of the intended metal 
oxide, the kinds and concentrations of the hydrogen halide, the molecular halogen and the component prepared from 
the molecular halogen and steam, or the calcination time, ft is preferably from 500 to 1500°C, more preferably from 600 
45 to 1 400°C. When the calcination time is lower than 500°C, a long time is necessary for calcination. When the calcination 
temperature exceeds 1500°C, many agglomerated particles tend to be contained in the produced metal oxide powder. 

A suitable calcination time is not necessarOy critical since it depends on the kind of the intended metal oxide, the 
kinds and concentrations of the hydrogen halide, the molecular halogen and the component prepared from the molec- 
ular halogen and steam, or the calcination temperature. It is preferably at least 1 minute, more preferably at least 10 
so minutes, and selected from a range in which the intended metal oxide powder is obtained. As the calcination tempera- 
ture is higher, the calcination time is shorter. 

When the raw material metal oxide powder containing the seed crystal is calcined, the calcination temperature can 
be lower and the calcination time can be shorter than those when no seed crystal is used, since the metal oxide grows 
around the seed crystals as the growing sites. 
55 A type of a calcination apparatus is not limited, and a so-called calcination furnace may be used. The calcination 
furnace is preferably made of a material which is not corroded by the hydrogen halide or the halogen, and preferably 
comprises a mechanism for adjusting the atmosphere. 

Since the acidic gas such as the hydrogen halide or the halogen is used, the calcination furnace is preferably an 
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airtight one. In the industrial production, preferably the calcination is carried out continuously, and a tunnel furnace, a 
rotary kiln, or a pusher furnace can be used. 

As a vessel used in the calcination step in which the raw material metal oxide powder is filled, preferably a crucible 
or a boat made of alumina, quartz, acid-resistant brick, graphite, or a noble metal such as platinum is used, since the 
reaction proceeds in the acidic atmosphere. 

When the metal oxide powder is produced with the addition of the seed crystal to the raw material powder, the par- 
ticle size and the particle size distribution of the metal oxide powder as the product can be controlled by changing a par- 
ticle see and an added amount of the seed crystal. For example, when the amount of the seed crystal is increased the 
particle size of the produced metal oxide powder is decreased. When the seed crystal having the smaller particle size 
is used, the particle size of the produced metal oxide powder is decreased. 

By the above described method, as shown in the attached photographs, the metal oxide powder which is not 
agglomerated particles, and has the narrow particle size distribution and uniform particle size can be obtained, and the 
particle size can be controlled. 

Though the metal oxide powder may be agglomerated particles or contain agglomerated particles, a degree of 
agglomeration is small, and therefore the metal oxide powder which contains no agglomerated particle is easily pro- 
duced by simple grinding. 

A number average particle size of the metal oxide powder obtained by the method of the present invention is not 
necessarily limited. In general, it is possible to obtain the metal oxide powder having the particle size of 0 1 to 300 urn 

The metal oxide powder obtained by the method of the present invention has. as the particle size distribution a 
(WD 10 ratio .of 10 or less, preferably 5 or less, where D 10 and D 90 are partide sizes at t0% arid 90 %acxainiulation 
respectively from the smallest particle size side in a cumulative particle size curve of the particles. 

When a particle size distribution is measured by a centrifugal sedimentation method or a laser diffraction scattering 
method, the obtained value is a particle size distribution of the agglomerated particles. When the particle size distiibu- 
tionmeasured bysuch method is narrow but the powder contains the agglomerated particles, the dispersibilrty is dete- 
riorated, and such powder is not suitable as an industrial raw material. In the present invention, as a criterion of 
agglomeration of the powder, a primary particle size is measured, as a number average value, from a scanning electron 
microscopic photograph, and the obtained value is compared with an agglomerated particle see, that is. a particle size 
at 50 % accumulation in a cumulative particle size curve of the particles (D^. 

That is, Ihe degree of agglomeration is evaluated by a ratio of the agglomerated particle size to the primary particle 
size. When this ratio exceeds 1 (one), the powder is in the ideal state containing no agglomerated particle. With the 
actual I powder, this ratio exceeds 1 . When this ratio is 6 or less, the powder can be preferably used as the industrial raw 

The metal oxide powder obtained by the method of the present invention has the ratio of the agglomerated particle 
size to the pnmary particle size of. preferably from 1 to 6. more preferably from 1 to 3. most preferably from 1 to 2 

Each of the particles of the metal oxide powder of the present invention has a polyhedral form having at least 6 
planes. The number of the planes is usually from 6 to 60. preferably from 6 to 30. 

Concrete examples of the metal oxide powder of the present invention will be explained 

The particle of the ruffle type titanium oxide powder of the present invention comprises a polyhedron having at least 
8 planes with a crystal plane being exposed. The particle of the rutile titanium oxide powder of the present invention 
preferably comprises a polyhedron having 8 to 60 planes, more preferably 8 to 30 planes. This is because the inside of 
the parbde is uniform, and the powder has less grain boundaries and less lattice defects in the particle. In particular 
preferably a single crystal particle When the number of the planes of the polyhedron is less than 8 the 
9T T h ■»*• **** » inconplete. When the number of the polyhedron exceeds 60. the number of the lattice defects 
in tne part.de tends to increase When a large step may be present on one crystal plane of the particle, such plane is 
regarded as one plane in the present invention. 

The rutae type titanium oxide is characterized in that the particle size distribution is narrow, and the number of the 
agglomerated particles is small. The ratio of the agglomerated partide size to the primary particle size is preferably from 
1 to 2. The D9o/D 10 ratio is 10 or less, preferably 5 or less. 

When the BET specific surface area is large, the powder contains many agglomerated particles and is not suitable 
as theirtdustnal raw material. Then, the BET specific surface area is preferably 10 nf/g or less. When the BET specific 
surface area is less than 0. 1 ntVg. the primary particle size is too large and the particles cause sedimentation when 
^lu£T£ 8 ' " merefore - *" Spedfic Suriace fe P feferab| y 0.1 to 10 nAg. more pref- 

Thezirconium oxide particles of the present invention are characterized in that their shape and particle size are uni- 
formThe parbde shape is a polyhedron having at least 8 planes. Their particle size and particle size distribution are 
coiitrolled in the specific ranges. The particle size is usually controlled in the range from about 1 m to several hundred 

JUT' ** ParfiC ' e sfee 080 be done by the selection of the raw material and the calcination conditions in 

the method of the present invention 
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As the raw materia) powder for the flame spray coating, one having the large particle size is preferred. As the pow- 
der preferred for this use, the zirconium oxide powder comprising the particles having, preferably at least 20 urn, more 
preferably about 40 pm is selected. 

That is, the above described method can produce the zirconium oxide powder having the relatively large average 
5 particle size suitable as the raw material for the flame spray coating, by the industrially advantageous steps. 

The zirconium oxide powder of the present invention has the Dgo/D 10 ratio of 10 or less, preferably 5 or less. Fur- 
ther, the ratio of the agglomerated particle size to the primary particle size is preferably from 1 to 3. more preferably from 
1 to 2. 

The magnesium oxide particles of the present invention are characterized in that their shape and particle size are 
10 uniform. The particle shape is a polyhedron having at least 8 planes. Their particle size and particle size distribution are 
controlled in the specific ranges. The particle size is usually controlled in the range from about 1 jim to several hundred 
^ra This control of the particle size can be done by the selection of the raw material and the calcination conditions in 
the method of the present invention. 

The manganese oxide powder of the present invention has the O so /D w ratio 10 or less, preferably 5 or less. Fur- 
is ther, the ratio of the agglomerated particle size to the primary particle size is preferably from 1 to 3, more preferably from 
1to2. 

The cerium oxide particles of the present invention are characterized in that their shape and particle size are uni- 
form. As is clear from the attached photographs, they are the cerium oxide cubic particles having the uniform shape and 
particle size. 

20 The tin oxide particles of the present invention are characterized in that their shape and particle size are uniform. 
As is clear from the attached photograph, they are the polyhedrons having at least 8 planes with the uniform shape and 
particle size. 

The indium oxide particles of the present invention are characterized in that their shape and particle size are uni- 
form. As is dear from the attached photograph, they are the polyhedrons having at least 8 planes with the uniform 
25 shape and particle size 

According to the present invention, it is possible to obtain the various metal oxide powders which are not agglom- 
erated particles but have the narrow particle distribution that cannot be hitherto achieved. 

In many cases, the obtained metal oxide powder is a mass of the uniform polyhedral particles, and can be used in 
the variety of applications such as the raw materials of the metal oxide base ceramics which are used as the functional 
30 material or the structural materia), as the filler or the pigment or the raw material powder for the production of a single 
crystal or for flame spray coating. By the selection of the particle size and amount of the seed crystal, the metal oxide 
having the above properties and the arbitrarily controlled particle size can be obtained. 

Examples 

35 

Hereinafter, the present invention will be explained in detail by examples, which do not limit the scope of the present 
invention in any way. 

The measurements in the examples were carried out as follows: 

40 1 . Number average particle size of metal oxide powder 

A scanning electron microscopic photograph of a metal oxide powder was taken using an electron microscope (T- 
300 manufactured by Nippon Electron Co., Ltd.). From the photograph, 80 to 100 particles were selected and image 
analyzed to calculate an average value of equivalent circle diameters of the particles and the distribution. The equh/a- 
45 lent circle diameter is a diameter of a circle having the same area as that of each particle in the photograph. 

2. Particle size distribution of metal oxide powder 

The particle size distribution was measured using a master sizer (manufactured by Malvern Instrument, Inc.) or a 
so laser diffraction type particle size distribution analyzer (SALD-1 1 00 manufactured by Shtmadzu Corporation). 

The metal oxide powder was dispersed in an aqueous solution of polyammonium acrylate or a 50 wt % aqueous 
solution of glycerol, and particle sizes at 10%. 50% and 90 % accumulation, respectively from the smallest particle 
size side in a cumulative particle size curve of the particles were measured as the D 10 , and D^. The Dso was used 
as the agglomerated particle size, and the Dgo/D 10 ratio was calculated as the criterion of the particle size cfistrftxition. 

55 

3. Crystal phase of metal oxide powder 

The crystal phase of the metal oxide powder was measured by the X-ray diffraction method (RAD-C manufactured 
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by Rigaku Co., Ltd.) 

4. BET specific surface area of metal oxide powder 

A BET specific surface area of a metal oxide powder was measured by FLOWSORB-II (manufactured by Micromel- 



5. Measurement of primary particle size 
10 A primary particle size d(vm) was calculated according to the formula of: 

d = 6/(Sxp) 

is iSSSl!^ SPe ? C 01 *™ t*™ 1 "- and " fe a de ^ of the powder, provided that 

5 P^ r yPartde aze d ,s a tfameter of a particle with the assumption that it were a sphere 

H^^J^ 096 !!,*^ 9935 ' ^ hydrosen chtoride (Parity: 99.9 %) supplied by Tsururrd Soda Ca Ltd or a 
decomposition gas of ammoraum chloride (WAKO JUMYAKU. Special Grade O^nicaO was used We^e rirJ^n 
pos*on gas of ammonium chloride was used, animation gas oTammonium cMoS^ed^heaSo 
chlonde at a temperate higher than its summation pant was ^ce^ZZL^lZ iCeZT 

hydrogen chlonde gas. 17 vol. % of nitrogen gas and 50 vol. % of hydrogen gas. cons^ng or 33 vol. % of 

As the hydrogen bromide gas. a decomposition gas of ammonium bromide (WAKO JUMYAKU Special Grade 

* S w^C'aS^r^ttr^ ^ to W atmosphere gas. AmrrS^o- 

T:2 S o^Z*^*^ wZ»^ 3 - M ^ * * gas. 17 vol. 

ican ^uSS^ „r^^^^ S * amm ° niUm ****** ^ JUMYAKU - **>«*•■ Chem- 
^„n^^ ^ 9 ammonium fluoride prepared by heating ammonium fluoride at a temperature hioher 

5 9381 b ° mb chlorine flas fr""* 99 4 %) supplied by Fujimoto Industries. Co Ud ) was used 
The metal o*de power or the metal odds precursor powder was filled in an alumina or p^num ve^ ISL the 

cT^T^^T 1 < ^ n * ICal <UmaCe hav,ng 3 quartz ™«te or an alumina muffle (manufactured by Motoyama 
Co.. Ud.). With flowing the nitrogen gas. temperature was raised at a heating rate of from dOO^to^n^^ 

A^ZttTZZT**** 938 it1MuC6on ^tu^Ta^eTg^iZuSd' 
the alZh^lTrL^r ^ 9as flow r^flow SLs. ZSSw^te of 

« a^oJnS ^ 20 mm/min ' 7)16 ^ pfeSSUre * me atmosphere was always 1 

a ^llT i ^ era !l re Jf Che l me Pfede,ermined tenperature. the powder was maintained at that temperature for 
SSSr,? - * 10 85 te ^*«- fcSSTaS 

« powdT the redetermined maintaining time, the powder was spontaneously cooled to obtain the intended metal oxide 

oerJTr! ^Sl^^ 6 - W8S * *» ^"S 6 °» saturated steam pressure depending on water tem- 

perature, and the steam was introduced in the furnace with the nitrogen gas. <*peno.ng on water tern 

Example 1 



so 



of Jl^T^l^^ (30wt %as reduced to ^ m oxide weight. A product obtained in an intermediate steo 

nr^'T'Tr 31 t !! nium 0xide powJef < 12 9) was filled in an alumina vessel. Its bulk density was 19% of the the- 

£££ 7^^?"* in *• qUam m ^^"^^room,emS^a^^ 

of 500 Cmr. whie flowing Ihe atmosphere gas consisting of 100 vol. % of hydrogen chloride at a linear vetocit/ofltt 
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mnVmin., and calcined at 1 100°C for 30 minutes, followed by spontaneous cooling to obtain a titanium oxide powder. 
The weight of the titanium oxide powder in the alumina vessel after calcination was 85 % of that of the powder before 
calcination. 

The obtained titanium oxide powder was the rutile type titanium oxide according to the result of the X-ray diffraction 
5 analysis, and no other peak was observed. The BET specific surface area was 02 rrf/g. According to the result of the 
observation by the scanning electron microscope, the rutile type titanium oxide consisted of polyhedral particles having 
8 to 20 planes, and had the number average particle size of 9 fim. The agglomerated particle size (D50) according to 
the particle size distribution measurement was 14.2 pm, and the Dgo/D 10 ratio was 3. which indicated the narrow parti- 
cle size distribution. The ratio of the agglomerated particle size to the number average particle size was 1 .6. 
10 The obtained particles were observed by a transmission electron microscope. No defect was observed in the par- 
ticles, and it was found that the particle was a single crystal. The results are shown in Table 1 . An electron microscopic 
photograph of the obtained rutile type titanium oxide is shown in Fig. 1 . 

Example 2 

15 

In the same manner as in Example 1 except that an atmosphere gas consisting of 10 vol. % of hydrogen chloride 
and 90 vol . % of nitrogen was used in place of the atmosphere gas of 100 vol. % hydrogen chloride, the rutile type tita- 
nium oxide was obtained. The results are shown in Table 1. 

20 Example 3 

In the same manner as in Example 1 except that an atmosphere gas consisting of 30 vol. % of hydrogen chloride, 
1 0 vol. % of steam and 60 vol. % of nitrogen was used in place of the atmosphere gas of 100 vol. % hydrogen chloride, 
the rutile type titanium oxide was obtained. The results are shown in Table 1. 

25 

Example 4 

In the same manner as in Example 1 except that an atmosphere gas consisting of 30 vol. % of hydrogen chloride 
and 70 vol. % of an air was used in place of the atmosphere gas of 1 00 vol. % hydrogen chloride, the rutile type titanium 
30 oxide was obtained. The results are shown in Table 1 . 

Examples 

The raw material titanium oxide powder as used in Example 1 was filled in the alumina vessel and placed in the 
35 quartz muffle, and heated at a heating rate of 500*C/hr. When the temperature reached 600°C. the decomposed gas of 
sublimated ammonium chloride was introduced, and the powder was heated in the decomposed gas atmosphere at 
1 1 00°C for 30 minutes, followed by spontaneous cooling to obtain the ruffle type titanium oxide. At 1 100°C, the compo- 
nents of the decomposed gas were hydrogen chloride gas, nitrogen and hydrogen, and their volume ratio was 33:1 750. 
The results are shown in Table 1. 

40 

Ex ampl e 

In the same manner as in Example 5 except that ammonium bromide was used in place of ammonium chloride, the 
rutile type titanium oxide was obtained. At 1 1 00°C, the components of the decomposed gas of ammonium bromide 
45 were hydrogen bromide gas, nitrogen and hydrogen, and their volume ratio was 33:17:50. The results are shown in 
Tablet. 

Example 7 

so In the same manner as in Example 5 except that anatase type titanium oxide (MC 90 manufactured by tehihara 
Industries, Co., Ltd. The BET specific surface area of 104 mfyg, and the primary particle size calculated from the BET 
specific surface area = 0.01 3 pm) was used as the raw material oxide powder, ammonium fluoride was used in place 
of ammonium chloride, and the alumina muffle was used in place of the quartz muffle, the rutile type titanium oxide was 
obtained. At 1 1 00°C. the components of the decomposed gas of ammonium fluoride were hydrogen fluoride gas, n'rtro- 

55 gen and hydrogen, and their volume ratio was 33:1 7:50. The electron microscopic photograph of the obtained rutile type 
titanium oxide is shown in Fig. 2. The results are shown in Table 1 . 
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Example 8 



In the same manner as in Example 1 except that an atmosphere gas consisting of 30 vol. % of chlorine, 10 vol % 
ofsteam and 60 vol. % of nitrogen was used in place of the atmosphere gas of 100 vol. % hydrogen chloride, the rutile 
type trtamum oxtde was obtained. The results are shown in Table 1 . 



Example 9 



10 



In the same manner as in Example 1 except that the anatase type titanium oxide powder as used in Example 7 was 
uMdastte raw matenal titanium oxide powder, and an atmosphere gas of 100 vol. % of chlorine was used in place of 
S^? 10 ^ 6 f sof100vo,% Wrogen chloride, the rutile type titanium oxide was obtained. The results are shown 
in iaue 1 . The election microscopic photograph of the obtained rutile type titanium oxide powder is shown in Fig 3 



15 



Example m 



thu J2n!m!i? me rnan ^ t 355 ' n Example 1 except that an atmosphere gas of 100 vol. % of chlorine was used in place of 
in^ablB^ ,ere 938 01 100 ^ % "Y^ogen chloride, the rutile type titanium oxide was obtained. The results areshown 
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Example 11 

*™* ™er as in Example 1 except that meta-titanic acid TH^O (trade name) manufactured by TEIKA Ca 

^ ^ ^ material P0Wder ' * e ^ dnation temperature was changed toSOO^e Zlei Jpe m- 
nium oxide was obtained. The results are shown in Table 2. W 1,13 
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Example 12 

In the same manner as in Example 1 except that an anatase titanium oxide powder KA-10 (trade name) manufac- 
tured by Titanium Industries Co., Ltd. was used as the raw material powder, and an atmosphere gas consisting of 45 
5 vol. % of hydrogen chloride, 45 vol. % of an air and 10 vol. % of steam was used, the rutile type titanium oxide was 
obtained. 

As the result of the observation using the scanning electron microscope, it was found that the polyhedral particles 
having 8 to 20 planes were produced, the length of the primary particles was about 10 pm and the cfiameter was about 
1 ura The agglomerated particle size was 7.5 um. When the average value 6 um of the average length and the average 
10 cfiameter of the primary particles was employed as a number average particle size, the ratio of the agglomerated parti- 
cle size to the number average primary particle size was 1 .3. The results are shown in Table 2. 

Example 13 

15 To the raw material titanium oxide powder of Example 1 (10.00 g), a rutile type titanium oxide powder (TTO-55, a 
trade name, manufactured by Titanium Industries Co., Ltd. A BET specific surface area of 38.6 nr^/g) (0.30 g corre- 
spond ng to 3 wt. %) was added as the seed crystal. The addition manner comprised dispersing the raw material tita- 
nium oxide powder and the seed crystal by ultrasonic in isopropand to prepare a slurry and drying the slurry with an 
evaporator and a vacuum drier. 

20 In the same manner as in Example 1 except that the above raw material titanium oxide powder containing the seed 
crystal was used, the rutile titanium oxide was produced. The results are shown in Table 2. 

Example 14 

25 To the raw material titanium oxide powder of Example 1 , 3 wt. % of a high purity rutile powder (CR-EL manufactured 
by Ishihara Industries Co., Ltd. A BET specific surface area of 6.8 rrf/g. A primary particle size calculated from the BET 
specific surface area = 0.20 um) was added as the seed crystal. The addition manner comprised dispersing the raw 
material titanium oxide powder and the seed crystal were dispersed by ultrasonic in isopropanol to prepare a slurry and 
drying the slurry with an evaporator and a vacuum drier. This raw material titanium oxide powder containing the seed 

30 crystal was filled in the alumina vessel, fts bulk density was 19 % of the theoretical value. 

Then, the powder was placed in the quartz muffle, and heated from room temperature at a heating rate of 500°C/hr. 
while flowing nitrogen gas. When the temperature reached 800°C, the nitrogen gas was changed to an atmosphere gas 
of 100 vol. % hydrogen chloride, and the powder was calcined at 1 100°C for 30 minutes while flowing the hydrogen 
chloride gas at a linear velocity of 20 mirvmin., followed by spontaneous cooling to obtain a titanium oxide powder. The 

35 weight of the titanium oxide powder in the alumina vessel after calcination was 85 wt. % of that of the powder before 
calcination The results are shown in Table 2. 

Example 15 

40 In the same manner as in Example 14 except that an atmosphere gas consisting of 30 vol. % of hydrogen chkxide 
and 70 vol. % of nitrogen was used in place of the atmosphere gas of 1 00 vol. % hydrogen chloride, the rutile type tita- 
nium oxide was obtained. The results are shown in Table 2. The electron microscopic photograph of the obtained rutile 
titanium oxide powder is shown in Fig. 4. 

45 Example IS 

■v 

In the same manner as in Example 14 except that an atmosphere gas consisting of 30 vol. % of chlorine and 70 
vol. % of an air was used in place of the atmosphere gas of 100 vol. % hydrogen chloride, the rutile type titanium oxide 
was obtained. The results are shown in Table 2. 

50 

Example 17 

In the same manner as in Example 14 except that an atmosphere gas consisting of 30 vol. % of hydrogen chloride, 
10 vol. % of steam and 60 vol. % of nitrogen was used in place of the atmosphere gas of 1 00 vol. % hydrogen chloride, 
55 the rutile type titanium oxide was obtained. The results are shown in Table 2. 
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30 



Example 18 



In the same manner as in Example 1 4 except that an atmosphere gas of 100 vol. % chlorine gas was used in place 
of the atmosphere gas of 100 vol. % hydrogen chloride, the rutile type titanium oxide was obtained. The results are 
shown in Table 2. 



Example 19 



In the same manner as in Example 18 except that an amount of the seed crystal was changed to 1 wL %, the rutile 
to type titanium oxide was obtained. The results are shown in Table 2. 



Comparative Example 1 



Using the same raw material and the furnace as used in Example 1 , the raw material powder was calcined in an air 
is with opening the both ends of the furnace. The raw material powder was calcined at 1 100°C for 180 minutes followed 
by spontaneous cooling to obtain a titanium oxide powder. 

The obtained titanium oxide powder was analyzed by X-ray diffraction to confrm that it was a rutile type titanium 
oxide. No other peak was observed. The BET specific surface area was 1 .5 rrftg. According to the observation of the 
powder by the scanning electron microscope, no polyhedron particle was formed, and spherical particles were in the 
20 agglomerated state, and their number average particle size was 0.5 jim. 

The agglomerated particle size (Dgo) according to the particle size distribution measurement was 1 .5 urn and the 
o ratio was 21, which indicated the broad particle size dfetribution. A ratio of the agglomerated particle size to the 

!ITT^f rt ^ SiZ !J^ 8 3 men me ****** were by the scanning electron microscope, 

defect were found in the parbcle. and the particle was not a single crystal. The results are shown in Table 2. ThTscan- 
25 ning electron microscopic photograph of the obtained rutile titanium oxide powder is shown in Rg 5 



Comparative Examp le 2 



In the isame manner as in Comparative Example 1 except that the same raw material powder as used in Example 
1 4 was used, the rutile titanium oxide was obtained. The results are shown in Table 2. 
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Example 20 



55 



25rconium coychloride octahydrate (WAKD JUNYAKU. Special Grade Chemical) (78.3 g) was dissolved in pure 
water (400 g) to obtain an aqueous solution of a zirconium salt. In aqueous ammonia (25 wt. %. WAKD JUNYAKU, Spe- 
cial Grade Chemical) contained in a 2 liter beaker, the above aqueous solution of the zirconium salt was added ever 2 
hours while stirring to neutralize the salt and copreciprtate them. The precipitate was filtered through a filter paper and 
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washed with pure water, followed by drying in vacuo at 100°C to obtain a zirconium oxide precursor powder. The BET 
specific surface area of this precursor powder was 255 rtf/g. 

The zirconium oxide precursor powder was precalcined in the air at 500°C to obtain a raw material powder. 

According to the X-ray diffraction analysis, peaks assigned to monocfinic zirconium oxide and tetragonal zirconium 
5 oxide were observed The BET specific surface area was 79.4 nfVg, and the primary particle size calculated from the 
GET specific surface area was 0.01 3 um. 

The raw material powder was filled in a platinum vessel. Its bulk density was 15 % of the theoretical value. 

Then, the powder was placed in the quartz muffle, and with flowing an atmosphere gas of 100 vol. % hydrogen 
chloride at a linear velocity of 20 mrn/min., the powder was heated from room temperature at a heating rate of 
10 300°C/hr. ( and calcined at 1 100°C for 60 minutes, followed by spontaneous cooling to obtain a zirconium oxide powder. 
The weight of the zirconium oxide powder in the platinum vessel after calcination was 95 wl % of that of the powder 
before calcination. 

According to the X-ray diffraction analysis, the obtained zirconium oxide powder was monoclinic zirconium oxide, 
and no other peak was observed. According to the observation by the scanning electron microscope, the polyhedral 
75 particles having 8 to 24 planes each were formed, and the number average particle size was 12 urn. The agglomerated 
particle size (D50) according to the particle size distrbution measurement was 15 um, and the Dqq/D^q ratio was 3. 
which indicated the narrow particle size cfistrftxjtion. A ratio of the agglomerated particle size to the number average 
particle size was 1 .3. The results are shown in Table 3. The scanning electron microscopic photograph of the obtained 
powder is shown in Fig. 6. 

20 

Example 21 

Zirconium tetrachloride (Merit Purity, 98 %) (56.8 g) was dissolved in pure water (500 g) to obtain an aqueous solu- 
tion of a zirconium salt, hi pure water (760 g) contained in a 2 liter beaker, the above aqueous solution of the zirconium 
25 salt was added over 3 hours while stirring. During the addition, aqueous ammonium (25 wL %w WAKO JUNYAKU. Spe- 
cial Grade Chemical) was added with maintaining pH constant at 4.0 with a pH controller (FC-10 manufactured by 
Tokyo Rika Kiki Co., Ltd.) to neutralize the salt and obtain a precipitate. An amount of the added aqueous ammonia was 
58.2 g. The precpitate was filtered through a filter paper and washed with pure water, followed by drying in vacuo at 
100°C to obtain a zirconium oxide precursor powder. The BETA specific surface area of this precursor powder was 15 
30 rrftg, and the primary particle size calculated from the BET specific surface area was 0.07 um. 

The zirconium oxide precursor powder was calcined in the air at 500°C to obtain a raw material powder. 
According to the X-ray diffraction analysis, peaks assigned to monocfinic zirconium oxide and tetragonal zirconium 
oxide were observed. The BET specific surface area was 18.2 rrf/g. and the primary particle size calculated from the 
BET specific surface area was 0.05 urn 
35 The raw material powder was filled in a platinum vessel Its bulk density was 25 % of the theoretical value- 
Thereafter, the raw material powder was calcined in the same manner as in Example 20 to obtain the zirconium 
oxide powder. The weight of the zirconium oxide powder in the platinum vessel after calcination was 95 wt. % of that of 
the powder before calcination. The results are shown in Table 3. The electron microscopic photograph of the obtained 
powder is shown in Fig. 7. 

40 

Example 22 

As a raw material zirconium oxide powder, high purity zirconia powder (ZP 20 manufactured by Chichibu Cement 
Co., Ltd. A BET specific surface area = 93 rr^/g. A primary particle size calculated from the BET specific surface area 

45 =0.01 um) was used. To ttts raw material zirconium oxide powder, 2 wt % of a powder which was obtained by sintering 
the above zirconia powder in an air at 1 400°C for 3 hours and milling it in a bail mill (A BET specific surface area = 2.8 
rrftg. A primary particle size calculated from the BET specific surface area = 0.36 um) was added as a seed crystal. 
The adcfition manner comprised dispersing the raw material zirconium oxide powder and the seed crystal by ultrasonic 
in isopropanol to prepare a slurry and drying the slurry with an evaporator and a vacuum drier. 

50 The raw material powder containing the seed crystal was filled in a platinum vessel. Its bulk density was 25 % of 
the theoretical value. 

Thereafter, the raw material powder was calcined in the same manner as in Example 20 to obtain the zirconium 
oxide powder. The results are shown in Table 3. The electron microscopic photograph of the obtained zirconium oxide 
powder is shown in Fig. 8. 

55 

Comparative Example 3 

In the same manner as in Example 20 except that an atmosphere gas of 100 vol. % air was used in place of the 
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atamphere gas of 100 vol. % hydrogen chloride, the zirconium oxide powder was obtained. According to Ihe observa- 
- by the scanning elytron microscope, no polyhedron particle was formed, and the spherical particles were in the 
agglomerated state, and their number average particle size was 0.2 urn. 

Tbe^brner^edpartide size (Da,) according to the particle size distribution measurement was 11 urn. and the 
CWDio ratio was 22 wh.cn indicated the broad particle size distribution. A ratio of the agglomerated particle size to the 

SSiTT Partde ^tT 5 55 ^ are *»"■ in Tabte 3- T» elStron microbe pnUgraJ 

of the obtained zirconium oxide powder is shown in Fig. 9. «w«H" 

Comparativ e Example 4 

in„ i! l h If JUT" 6 ' aS i n ( ?° nnparative Exam P' e 3 «*P« that the raw material powder of Example 22 but contain- 
ing no seed crystal was used, the zirconium oxide powder was obtained. The results are shown in Table 3. 

Comparat ive Example jj 

Inthe same manner as in Comparative Example 3 except that the raw material powder of Example 22 containing 
the seed crystal was used, the zirconium oxide powder was obtained. The results areshown inSeT 

Example 23 

^^^ifJT 3 ^ ma ? nesium ^ f**"^ ^"9 m « BET specific surface area of 132 m*/g (A primary 
dSr 2 1SS^^r iCSUrfaCearea = 001 ^)-usedand» ffl edinap te «numveL. P | te , Z 

the r^J'lSTJS 3 ^ ^Wmutfte, and with flowing nitrogen gas at a linear velocity of 20 mnVmin.. 
*! E£. heatrt from room temperature at a heating rate of 300 -Cmr. When the temperature reached 800°C 
the nrtrogen gas was changed to an atmosphere gas of 100 vol. % hydrogen chloride While flowing this atmosphere 

cooling to obtain a magnesium oxide powder. it"«»wu» 

i^ES^I? ° b !r Qti0n * thS SCannin9 e,e< * on ^OBCope. the polyhedral particles having 8 to 24 planes 
were formed.andthe number average particle size was 30 pm. The results are shown in Table 3. The scanning electron 
mrcroscopic photograph of the magnesium oxide powder is shown in Rg. 10. me scanning electron 

Example 24 

To the raw material magnesium oxide powder of Example 23. 0.1 wt % of a magnesium oxide powder havina the 

The addition manner comprised disposing the raw material magnesium oxide powder and the seed crystal by 
STZ' TSE^^ 6 3 ^ 3nd dfyinS ^urry with an evaporator andavacuum drier. Tne ZmlS 
Z thZrr^-Tfl ^r'" 9 *• — fa,ed h *■ vessel. Hs bulk density was 3 %rt 

Sn!"^ ^ eSame ,rannef 85 in Bam P« e 23- magnesium oxide powderwas obtained. 
aaalorr^S^S? 56 ^^ bjf,he ! cannin 9 d**™ rnicroscope. the number average particle size was 8 urn. The 
ISI^!'! 50 ' aCCOfdin9 to the P^ 016 * z * ^ib^on measurement was 1 1 urn, and the dI/D* 
™™ "'^ ^ 1,19 ^ aze dis1rbut, "« 1 - A ratio of the aggkxnerated partrctaize to toe n^rnbe? 

obS^er'iZinRTl l" 8 "" 8 " ^ " * ^ 6Can " , ' ng miC,DSC ^ <* ^ 



Example 25 



In the .same manner as in Example 24 except that the amoumof toe seed crystal was (^ed to 3 wt%. the mao- 
of the obtained magnesium oxide powder is shown in Fig. 12. H-uiograpn 



ComparativB Eynmpfr ft 



ten^^rTTnTr-T^ * * ^ ^ 1,19 a,mos P here gas of 100 vol. % air was suppiied from toe room 

S^U^J? ^I' l 935 0,100 ^ * hydrogen chloride, the magnesium oxide powder was 

obtained. According to the observaton by the scanning electron microscope, no polyhedral particle was formed spher- 
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ical particles were in the agglomerated state, and the number average particle size was 0.4 \irrt The agglomerated par- 
ticle size (Dsq) according to the particle size distribution measurement was 1 um, and the D 90 /D 10 ratio was 17, which 
indicated the broad particle size distribution. The results are shown in Table 3. The scanning electron microscopic pho- 
tograph of the obtained magnesium oxide powder is shown in Fig. 1 3. 

Comparative Example 7 

In the same manner as in Comparative Example 6 except that the raw material powder of Example 25 was used, 
the magnesium oxide powder was obtained. The results are shown in Table 3. 
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Ex a m ple 26 

55 Garrtna iron (III) oxide (A BET specific surface area of 34.4 rrfrg. A primary particle size calculated from the BET 
specific surface area of 0.03 urn) was filled in a platinum vessel. Its bulk density was 16 % of the theoretical value. 

Hien, the powder was placed in the quartz muffle, and with flowing nitrogen gas at a linear velocity of 20 mm/rrrin. , 
the powder was heated from room temperature at a heating rate of 300 °C/hr. When the temperature reached 600°C. 
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the nitrogen gas was changed to an atmosphere gas of 100 vol. % hydrogen chloride. While flowing this atmosphere 
gas at a linear velocity of 20 mnrvmin., the powder was calcined at 800°C for 30 minutes, followed by spontaneous cool- 
ing to obtain an iron oxide powder. The weight of the iron oxide powder in the platinum vessel was 92 % of that of the 
powder before calcination. 

According to the X-ray diffraction analysis, the obtained iron oxide powder was alpha iron (III) oxide, and no other 
peak was observed. 

According to the observation by the scanning electron microscope, the polyhedral particles having 8 to 20 planes 
were formed, and the number average particle size was 5 jim. Trie agglomerated particle size (D^) according to the 
parbde size distribution measurement was 6 urn. and the Dgo/D 10 ratio was 4, which indicated the narrow particle size 
cfefrbuton. The ratio of the agglomerated particle size to the number average particle size was 1.3. The results are 
shown in Table 4. The scanning electron microscopic photograph of the obtained alpha iron (III) oxide powder is shown 
in Fig. 14. 

Comparative Example 8 

In the same manner as in Example 26 except that an atmosphere gas of 1 00 vol. % air was supplied from the room 
temperature <n place of the atmosphere gas of 100 vol. % hydrogen chloride, the a*>ha iron (III) oxide powder was 
obtained. 

According to the observation by the scanning electron microscope, no polyhedral particle was formed, the spherical 
particles were in the agglomerated state, and their number average particle size was 02 pm. The agglomerated particle 
size (Da,) according to the particle size distribution measurement was 7 urn. and the Dgo/D,,, ratio was 1 00 which indi- 
cated the narrow particle size distribution. The ratio of the agglomerated particle to the number average particle size 
was 35. The results are shown in Table 4. The scanning electron microscopic photograph of the obtained alpha iron (III) 
oxide powder is shown in Fig. 15. ' 

Example 27 

Cerium (IV) sulfate (WAKO JUNYAKU, Special Grade Chemical) (100 g) was dissolved in pure water (900 g) to 

^.^J^^If 6CluBon 01 a cerfum (IV > To ** a^eous solution, a 2N aqueous solution of sodium hydrox- 
ide (WAKO JUNYAKU, Special Grade Chemical) was added tJD pH reached 1 0 to neutralize the solution and precipitate 
the salt The precipitate was separated by cerrtrifugafon and stirred in pure water. These procedures were repeated 
several times to wash the precipitate with water. The precipitate washed with water was dried at 120°C to obtain a 
cerium oxide precursor powder. According to the X-ray Effraction analysis, a broad peak assigned to cubic system 
cerium oxide was observed. The BET specific surface area of this precursor powder was 208.7 rmVg, and the primary 
particle size calculated from the BET specific surface area was 0.004 jim. 

The cerium oxide precursor powder was filled in a platinum vessel. Then, it was placed in the quartz muffle, and 
with flowing an air at a linear velocity of 20 rnm/min., the powder was heated from room temperature at a heating rate 
1^°^.^ * e temperature reached 400»C, the air was changed to an atmosphere gas of 100 vol. % hydrogen 
chloride. While flowing this atmosphere gas at a linear velocity of 20 mnVmin.. the powder was calcined at 1 100°C for 
60 minutes, followed by spontaneous cooling to obtain a cerium oxide powder. 

According to the X-ray diffraction analysis, the obtained cerium oxide powder was cubic system cerium oxide and 
no other peak was observed. 

• J^^" 9 10 ^ observa,ion °y toe scanning electron microscope, the polyhedral particles having 6 planes, that 
is. toe cubic particles were formed, and the number average particle size was 1.5 urn. The results are shown in Table 
4. The scanning electron microscopic photograph of the obtained powder is shown in Fig. 16. 

Comparative Example Q 

In the same manner as in Example 27 except that, as an atmosphere gas, an air was used in place of hydrogen 
chtorrie, the cerium oxide powder was obtained. 

According to the observation by the scanning electron microscope, no polyhedral particle was formed, and the 
spherical particles were in the agglomerated state The results are shown in Table 4. The scanning electron microscopic 
photograph of the obtained cerium oxide powder is shown in Rg. 17 «~~»~ 



As a raw material powder, a metastannic acid powder (Nippon Chemical Industries Co.. Ltd. A BET specific surface 
area = 75.4 mVg) was used. 
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The metastannic acid powder was filled in an alumina vessel. Then, it was placed in the quartz muffle, and with 
flowing an air at a linear velocity of 20 mrn/rnin., the powder was heated from room temperature at a heating rate of 
300°C/hr. When the temperature reached 600°C. the air was changed to an atmosphere gas consisting of 50 vol. % of 
hydrogen chloride and 50 vol. % of the air. While flowing this atmosphere gas at a linear velocity of 20 mm/min., the 
s powder was calcined at 1 050°C for 60 minutes, followed by spontaneous cooling to obtain a tin oxide powder. 

According to the X-ray diffraction analysis, the obtained tin oxide powder was tin dioxide, and no other peak was 
observed. 

According to the observation by the scanning electron microscope, the polyhedral particles having 8 to 24 planes 
were formed, and the number average particle size was 0.4 urn. The results are shown in Table 4. The scanning elec- 
10 tron microscopic photograph of the obtained powder is shown in Fkj. 18. 

Comparative Example 10 

In the same manner as in Example 28 except that as an atmosphere gas, an air was used in place of hydrogen 
15 chloride, the tin oxide powder was obtained. 

According to the observation by the scanning electron microscope, no polyhedral particle was formed, and the 
spherical particles were in the agglomerated state. The results are shown in Table 4. The scanning electron microscopic 
photograph of the obtained powder is shown in Fig. 19. 

20 Example 29 

Indium (III) chloride tetrahydrate(WAKO JUNYAKU, Special Grade Chemical) (14.67 g) was dissolved in pure water 
to obtain an aqueous solution of indium (III) chloride (100 g). To this aqueous solution, a 1 N aqueous ammonia (25 % 
aqueous ammonia. WAKQ JUNYAKU. Prepared by diluting Special Grade Chemical with pure water) was added till pH 

25 reached 8 to neutralize the solution and precipitate the salt. The precipitate was separated by titration and stirred in 
pure water. These procedures were repeated several times to wash the precipitate with water. The precipitate washed 
with water was dried at 130°C to obtain an indium oxide precursor powder. 

According to the X-ray diffraction analysis, peaks assigned to indium hydroxide and indium oxyhydraxide were 
observed. The BET specific surface area of this precursor powder was 70.4 rrr^/g. 

30 The indium oxide precursor powder was filled in an alumina vessel. Then, it was placed in the quartz muffle, and 
with flowing an air at a linear velocity of 20 rnm/min., the powder was heated from room temperature at a heating rate 
of 600°C/hr. When the temperature reached 1000°C, the air was changed to an atmosphere gas consisting of 20 vol. 
% of hydrogen chloride and 80 vol. % of the air. While flowing this atmosphere gas at a linear velocity of 20 rnm/min., 
the powder was calcined at 1000°C for 30 minutes, followed by spontaneous cooling to obtain an indium oxide powder. 

35 According to the X-ray diffraction analysis, the obtained indium oxide powder was indium oxide, and no other peak 
was observed. The results are shown in Table 4. The scanning electron microscopic photograph of the obtained powder 
is shown in Rg. 20. 

Comparative Example 11 

40 

In the same manner as in Example 29 except that as an atmosphere gas, an air was used in place of hydrogen 
chloride, the indium oxide powder was obtained. 

The results are shown in Table 4. The scanning electron microscopic photograph of the obtained indium oxide pow- 
der is shown in Fig. 21. 
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Claims 

55 1. A metal oxide powder of a single metal element except a-alumina, comprising polyhedral particles having at least 
6 planes each, a number average particle size of from 0.1 to 300 pm, and a Dgo/D 10 ratio of 10 or less where D 10 
and D90 are particle sizes at 10 % and 90 % accumulation, respectively from the smallest particle size side in a 
cumulative particle size curve of the particles. 
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2. The metal oxide powder according to claim 1, wherein said D 90 /D 10 ratio is 5 or less. 



a primary par- 



4 ' M St aCCOfdin9 to ^ 3. wherein said ratio of an agdomerated particle size to 

SSSSSSSS " * ^ «* »• * V. VI. VI, arS 

6 - °** aCCOrdin9 to ^ ™ * *«• 1 *» «■ wherein said metal oxide is a simple metal oxide of 

9 - r m e S°^^l a ^^ to .!2L 0ne 01 1 to *■ *** ""*» oxide te a sirrpie metal oxide of 

a metar selected from the group consisting of indium and tin. 

25 rm^S^^ 8 ^^ « cl dtf« 1 to 4 ' said metal oxide « a simple met*, oxide of 
30 11 - A ruffle type titanium oxide powder comprising pCyhedral particles each having at least 8 planes. 

12 - sc&tsc ^rSr^^Lr ^ 01 30 ^ - » * 

JH ™ ^ofcccR»irom i to*, arw a BET specific surface area fe from 0.1 to 10 nt^/g. 

in an atmosphere oontaW^^^^SZ^ SST " 3 

component prepare from a mo.ecular ha^en and ^^^SS^S! "** " 3 

«, 14 " The method according to Cairn 13 . wherein said calcination is carried out in the presence of a seed crysta,. 

1 5. The method according to Cairn 13 or 14, wherein sakf gas contained in said atmosphere gas is a hydrogen haWe. 

16. The method according to Cairn ,5, wherein said hydrogen halide is hydrogen chtoride or hydrogen bromide 
45 17 " ™e method accord^) to Cairn 15, wherein said hydrogen halide is hydrogen fluoride. 

2%% gT^ to 15 ' ^ 3 ^ said hydrogen ha. We is at least 1 vo.. % o, said 

so 19. The method according to Cairn 13 or 14, wherein said gas contained in spiri ntnv^nh^ M • 

prepared from a molecular halogen and steam. atmosphere gas rs said component 

2a The method according to Cairn 19. wherein said molecular halogen is chlorine or bromine. 
« 21. The method according to Cairn 19. wherein said molecular halogen is fluorine. 
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23. The method according to claim 13 or 14, wherein said gas contained in said atmosphere gas is a molecular halo- 
gen which is chlorine or bromine, and a concentration of said molecular halogen in said atmosphere gas is at least 
1vol. %. 

5 24. The method according to claim 13. wherein said metal oxide powder or metal oxide precursor powder has a bulk 
density of 40 % or less of a theoretical value. 

25. The method according to claim 14, wherein said seed crystal had a bulk density of 40 % or less of a theoretical 
value. 

w 

26. The method according to claim 13 or 14, wherein said metal oxide having a narrow particle size distribution except 
a-alumina is formed on a site where said metal oxide powder or metal oxide precursor powder to be calcined is 
present. 

75 27. The method accord ng to claim 13 or 14, wherein said metal oxide powder or metal oxide precursor powder to be 
calcined is a metal oxide powder or metal oxide precursor powder of a metal element selected from the group con- 
sisting of the metal elements of the Groups lb, II. III. IV. V. VI. VII and VIII of the Periodic Table. 

28. The method according to claim 13 or 14, wherein said metal oxide powder or metal oxide precursor powder is a 
20 metal oxide powder or metal oxide precursor powder of a metal selected from the group consisting of magnesium, 

titanium, zirconium and iron. 

29. The method according to claim 13 or 14, wherein said metal oxide powder or metal oxide precursor powder is a 
metal oxide powder or metal oxide precursor powder of cerium. 

25 

30. The method according to claim 13 or 14, wherein said metal oxide powder or metal oxide precursor powder is a 
metal oxide powder or metal oxide precursor powder of a metal selected from the group consisting of indium and 
tin. 

* 

30 31 . The method according to claim 13 or 14, wherein said metal oxide powder or metal oxide precursor powder is a 
metal oxide powder or metal oxide precursor powder of a metal selected from the group consisting of zinc, cad- 
mium, gallium, germanium, niobium, tantalum, antimony, bismuth, chromium, molybdenum, manganese, cobalt, 
nickel and uranium. 

35 Patentanspruche 

1 . Metal toxidputver eines einzelnen Metallelements. ausgenommen a-Aluminiumoxid, umfassend polyedrische Tefl- 
chen mit jewels wenigstens 6 Rftchen, einem Zahlenrrrittel der TeitahengrOBe von 0,1 bis 300 um und einem 
Dgo/D 10 -Verhaitnis von 10 Oder weniger, wobei D 10 bzw. Dgo in einer TeilchengrOBensummenkurve der Teitehen. 

40 beginnend auf der Seite der kteinsten TeflchengrOBe, die TeflchengrOBen bei 10% bzw. 90% Anreicherung bedeu- 
ten. 

2. Metallcoodpufver nach Anspruch 1 , wobei das D^/D 10 -Verhartnis 5 Oder weniger betragt 

45 3. Metaltoxidpurver nach Anspruch 2, wobei das Verhaitnis der GrOBe eines agglomerierten Teilchens zur GroBe 
eines prim&ren Teitehens 1 bis 6 betragt. 

4. Metal loxidpuJver nach Anspruch 3. wobei das Verhaitnis der GrOBe eines agglomerierten Teilchens zur GrOBe 
eines primaren Teilchens 1 bis 3 betragt 

50 

5. MetalloridpUver nach einem der Anspruche 1 bis 4, wobei das Metalloxid ein einfaches Metalloxid eines Metallele- 
ments, ausgewahH aus den MetaDelementen der Gruppen b. II, III. IV. V, VI, VII und VIII des Periodensystems, ist, 
ausgenommen a-Alurrtiniurnoxidpulver. 

55 6. Metalioxidputver nach einem der AnsprOche 1 bis 4, wobei das Metalloxid ein einfaches Metalloxid von Titan ist. 

7. MetaJtoxidpurver nach einem der AnsprOche 1 bis 4, wobei das Metalloxid ein einfaches Metafloxid eines Metalls, 
ausgewahtt aus Magnesium, Zirconium und Bsen, ist 
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8. Metal! 



WA. t • 



(■vef nach einem der Anspmche 1 bis 4, wobei das Malaflorid ein einfaches Metalloxid von Ceo ist. 



5 



S^u^U^ ' ^ ^"^^ Nk *' TanW ' Chrom. Mclytxfcn. Mangan. 

'° 11 "^^^er vom Rutil-Typ. umfassend polyedr ische TeHchen mit je^eils wenigstens 8 Rachen. 

betragt Talchens 1 bis 2 betragt und die speziftsche Oberflache nach BET 0.1 bis 10 nf/g 



is 



^^t^^ZfS^r^: ^ ^^Benveneoung. ausgeromrnen a- 

14. Venahren nach Anspruch 1 3. wobei die Cateinierung in Gegenwart eines Impfkrfetaiis durchgefOhrt wird. 
- 15 ' ^TsT* das <** -.ches in der At^sphare entharten ist, ein Wasserstotfha- 

16. Verfahren nach Anspruch 15. wobei das Wasserstoffhalogertd Chlcrwasserstotf Oder Bromwasse^totf ist 
x 17 - Vtenahren nach Anspruch 15. wobei das VVfesserstoffhalogenid Fluorwasserstoff ist 

sX^aSS 1 ^ ^ K ° nZen,ra,IOn ^ ^^—^^en^s wenigstens 1 Vb.,% des Atmo- 

20. Venahren nach Anspruch 19. wobei das motekUare Halogen Chlor Oder Brom ist 
w 21 • Verfatren "** Anspruch 19. wobei das molekUare Halogen Fluor ist 

wenTg^oT^^sL 9 ;^ £ ^ efl 3115 1 des mo.eku.aren Hatogens und 

9 0,1 V0l% W^serdampf. jeweib bezogen auf das Atmospharengas, hergestellt wird. 



45 
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55 



sWl^Ja^ Brom isl, und d.e Kbnzentabon des mo.eku.aren Haiogens im Atnxspharengas wenig- 

24 - ^JlT Anspruch 13. wobei das Metelloxidpulver Oder Metalloxidprakursweraxilver eine Brim**. — 
40% Oder weniger des theoretischen Werts hat. uAiup.a.ujrsorenpuiver erne Schuttdichte von 

* JEST* AnSPrUCh 14, wobeider **** «ne SchOttOlcnte von 40% oder weniger des theoretischen 

M " n^Znt^n ZTsil^ZT*^ **' ^ T ^^Be W ertei.ung. ausgenom- 
oxkiprakursc^X' ^ * 80 "** *» M " fcM -»* Metaltoddpuh«r ode7 M etaU- 

27. Verfahren nach Anspruch 1 3 oder 1 4. wobei das zu ca.dnie.ende IMUcnfrtor Oder Metaiioxidprakursorenpul- 
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ver ein Metalloxidpulver oder Metalloxklprakursorenpulver eines Metallelements, ausgewahlt aus den Metallele- 
menten der Gruppen lb, II, III, IV, V, VI, VII und VIII des Periodensystems. ist. 

28. Verfahren nach Anspruch 13 oder 14, wobei das Metalloxidpulver oder Metalloxidprakursorenpulver ein Metalloxid- 
5 pulver oder Metalloxidprakursorenpulver eines Metalls, ausgewahlt aus Magnesium. Titan, Zirconium und Eisen, 

ist. 

29. Verfahren nach Anspruch 13 oder 14, wobei das Metalloxidpulver oder Metalloxidprakursorenpulver ein Metalloxid- 
pulver oder Metalloxidprakursorenpulver von Cer ist. 

10 

30. Verfahren nach Anspruch 13 oder 14, wobei das Metalloxkfculver oder Metalloxidprakursorenpulver ein Metalloxid- 
pulver oder Metalloxidprakursorenpulver eines Metalls, ausgewahlt aus Indium und Zinn, ist 

31. Verfahren nach Anspruch 13 oder 14, wobei das Metalloxidpulver oder Metalloxidprakursorenpulver ein MetalloxkJ- 
15 pulver oder Metal Icoddprakursorenpulver eines Metalls, ausgewahlt aus Zink, Cadmium, Gallium, Germanium, 

Niob. Tantal, Antimon, Wismut, Chrom, Molybdan. Mangan, Cobalt, NickeJ und Uran. ist. 

Revindications 

20 1 . Poudre d'oxyde metalfique d'un metal eJementaire unique, a I'exception de ra-alumine, comprenant des particules 
poryedriques ayant au moins 6 plans chacune, une granulometrie moyenne en nombre de 0,1 a 300 jim, et un rap- 
port D 90 /D 10 de 10 ou moins ou D 10 et Ogo sont les granulometries a une accumulation de 10 % et 90 %, respec- 
tivement, deputs le cdte de la granulometrie la plus petite dans une courbe de granulometrie cumulative des 
particules. 

25 

2. Poudre d'oxyde metalfique selon la revendication 1 , dans laquelle I edit rapport D<xJD, 0 est de 5 ou moins. 

3. Poudre d'oxyde metalfique seton la revendication 2, dans laquelle le rapport de la granulometrie agglomeree a la 
granulometrie primaire est de 1 a 6. 

30 

4. Poudre d'oxyde metalfique seton la revendication 3, dans laquelle ledrt rapport de la granulometrie agglomeree a 
la granulometrie primaire est de 1 a 3. 

5. Poudre d'oxyde metallique selon rune quelconque des revendications 1 a 4, dans laquelle I edit oxyde metalfique 
35 est un oxyde metallique simple (fun metal elementaire choisi dans rensemble constitue par les metaux elementai- 

res des Qroupes to, II, III, IV, V, VI, VII et VIII du Tableau Periodique, a rexception de la poudre d'a-alumina 

6. Poudre d'oxyde metallique selon Tune quelconque des revendications 1 a 4, dans laquelle led'rt axyde metallique 
est un oxyde metallique simple de titana 

40 

7. Poudre d'oxyde metallique seton rune quelconque des revendications 1 a 4, dans laquelle ledrt oxyde metalfique 
est un oxyde metallique simple (fun metal choisi dans rensemble constitue par le magnesium, le zirconium et le fer. 

8. Poudre cf oxyde metallique seton rune quelconque des revendications 1 a 4, dans laquelle ledit oxyde metallique 
45 est un oxyde metalfique simple de cerium. 

9. Poudre d'oxyde metallique seton I'une quelconque des revendications 1 a 4, dans laquelle ledit axyde metallique 
est un oxyde metalfique simple d'un metal choisi dans rensemble constitue par llndium et retain. 

so 10. Poudre d'oxyde metallique selon rune quelconque des revendications 1 a 4, dans laquelle ledit axyde metallique 
est un oxyde metallique simple d*un metal choisi dans rensemble constitue par le zinc, le cadmium, le gall rum, le 
germanium, le niobium, le tantale. rantimoine, le bismuth, le chrome, le molybdene, le manganese, le cobalt, le nic- 
kel et I'uranium. 

55 11. Poudre cf axyde de trtane de type ruffle comprenant des particules polyedriques ayant chacune au moins 8 plans. 

12. Poudre d'oxyde de trtane de type rutile selon la revendication 1 1 , dans lequel le rapport de la grartulometrie aggJo- 
meree a la granulometrie primaire est de 1 a 2, et raire specif ique BET est de 0,1 a 10 rrr^/g. 
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1 3 " ZTJ^rZiZ* Un ! l f r >Ud : e d ' 0Xyde m6ta,lk ' ue ^ une ***■*» etroite de granulate, a Inception 
d^«-alum.ne, covenant la calcnation dime poudre d'oxyde metallique ou d une poudre de precurseur tfoxvde 

cboisi dans I ensemble constrtue par (1) un halogSnure dtiydrogene (2) un composant Dr6oare a oartir rf.« 
halogene moleculaire et de vapeur et (3) un halogene moleculaire * dU " 

14. Proc6de selon la revencfication 13. dans lequel ladite calcination est realisee en presence dun germe cristallin. 

h^Ct^rS^ " ° U 14 ' *" leqUel ** 082 — 9-euse est un 

16 ' r^e^Sne eVendiCati0n * *"* «■*■• '«* dhydrogene est le chtorure cfhydrogene ou le bro- 

17. Precede selon la revencfication 15. dans lequel (edit halogenure <fhydrog6ne est le fluomre dliydrogftne. 

19. Procdd6 selon la rerendication 13 ou 14. dans lequel (edit gaz contenu dans ladite atmosphere oazeuse est (edit 
compose prepare a partird'un halogene moleculaire et de vapeur. aunospnere gazeuse est ledrt 

20. Proc6de selon la revencfication 19. dans lequel ledrt halogene mcJ6culaire est le chlore ou le brcme. 

21. Procdde selon la revencfication 19. dans lequel ledrt halogene moleculaire est letluor. 

2i SVrX.SS^ 9, T* T P ° Sam * P*"*" »** d-au moins 1 % en volume dudit 

natogdne molecula.re et <fau mens 0. 1 % en volume de vapeur. les deux par rapport a ladite atmosphere gazeuse. 

23. j*oc6de selon la revendication 13 ou 14. dans lequel (edit gaz contenu dans ladite atmosphere oazeuse est un 

nMbm^h^ar '^^!? ,1 *f a J' co 0,1 ** ,ns letpjfl) tacit oxyde metaJGque eyant im rtstnbuton etxoile de ora- 
o^*<^ni«alliquedc^«reM C inSeeMi»«t«il» u^ywiTOianMoupoocredep.*- 

28 - ^ff 6 s * ) ". la benefication 13 ou 14. dans lequel ladite poudre d'oxyde metaOique ou poudre de Dr6curseur 
dc*yde merest une poudre d'oxyde m6talGque ou poudre de pSrseur Z£ Sixrue JuTmS 
chasi dans Penserrble constrtue par le magnesium, le tone, le zircorturn et le fer. ^ ^ 

29 * "22 13 revendication 13 ~ H dans lequel ladite poudre d'oxyde m&aKque ou poudre de orecurseur 

d oxyde mete^ue est une poudre d'oxyde metallic ou poudre de prSLur d'oxy! X de ^ 

^ fl ^ 6 ^!. la re T <f,Ca,i0n 13 ou 14. dans lequel ladite poudre d'oxyde metalRque ou poudre de precurseur 

ISEiZSSl? ^ ^f 6 d ' OXyde m6ta,B ^ e ou P 0 "* 8 * Precurseur dJxyde nSque o'uTmS 
chow dans r ensemble constitue par .Indium et retain. N 6131 
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31. Proc6d6 selon la revendication 13 ou 14, dans lequeJ ladrte poudre d'oxyde m&allique ou poudre de pr6curseur 
d'oxyde m&aJlique est une poudre d'oxyde mttaifique ou poudre de pr6curseur d'oxyde m6tailique d'un m&al 
choisi dans I'ensemble constitu6 par le zinc, le cadmium, le gallium, le germanium, le niobium, le tantale, Parrti- 
moine, le bismuth, le chrome, le mdytxtene, le manganese, le cobalt, le nickel et ruranium. 
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